. While viral diseases are defined as primary infection, bacterial diseases are usually caused by opportunistic pathogens and may result in high mortality with considerable economic losses (Brunetti, Gasparri, Marturano, & Prearo, 2006; Colussi et al., 2005) . Few bacterial pathogens isolated from sturgeons have been described to date (Table 1) . With the present study we sought to characterize bacterial infection in six sturgeon farms in northern Italy.
| MATERIAL S AND ME THODS
A survey of bacterial infection in sturgeon was carried out between 2014 and 2017. Samples were taken from six sturgeon farms located in northern Italy. The farmers were asked to provide our laboratory with at least five fish specimens on a weekly, monthly or bimonthly basis, depending on farm operations, farmer availability, and eventual disease outbreaks. Two farms (farms 1 and 2) consistently provided several specimens every year, whereas the other four (farms 3, 4, 5, and 6) furnished samples only during mortality events or when clinical signs of disease were present (Table 2) . This difference meant that we were unable to obtain monthly sampling from all farms, which precluded comparison among farms and correlation between months or seasonality with the onset of bacterial infection.
Analysis was carried out at the Fish Diseases Laboratory of the Istituto Zooprofilattico Sperimentale del Piemonte, Liguria e Valle d'Aosta of Turin (Italy). The farms were all operated as monoculture with one or more reared sturgeon species: Russian sturgeon (Acipenser gueldenstaedtii), Siberian sturgeon (Acipenser baerii), Adriatic sturgeon (Acipenser naccarii), White sturgeon (Acipenser transmontanus), Beluga (Huso huso), hybrid sturgeon Bagu (Acipenser baerii × Acipenser gueldenstaedtii), and hybrid sturgeon Bester (Huso huso × Acipenser ruthenus). A total of 402 fish weighing from 10 g to 350 g were analysed. During the 4-year monitoring period, we analysed samples from 225 Russian sturgeon (195 from farm 1, 20 from farm 2, 5 from farm 3, and 5 from farm 6), 137 Siberian sturgeon (from farm 2), 16 Beluga (from farm 2), 10 Adriatic sturgeon (from farm 4), 5 White sturgeon (from farm 5), 5 Bester (from farm 2), and 4 Bagu (from farm 2). Farm 1 reared Russian sturgeon, while farm 2 reared Russian, Siberian, Beluga, Bagu, and Bester sturgeon.
Anatomopathological examination was carried out on all samples. For bacteriological analysis Columbia blood Agar (Liofilchem, Italy) was inoculated with kidney and brain samples and incubated at 22°C for 72 hr. Isolated colonies were purified by subculture in selective media, such as MacConkey agar (MC) TA B L E 2 Bacterial strains identified in sturgeon from six sturgeon farms in northwest Italy 2014-2017. Sturgeon were clinical signs are related to the isolation of bacteria are marked with an asterisk (*) Table 2 .
| RE SULTS
Generally, in specimens analysed, no external or internal macroscopic lesions were present. Skin lesions, liver anaemia, and splenomegaly, which are not pathognomonic signs of bacterial infection, were occasionally noted but no bacteria were isolated in some of these fish. However, in 53 specimens (marked with an asterisk in Table 2) 
| D ISCUSS I ON
As with all animal production systems, disease imposes a considerable constraint on production, development, and expansion in the aquaculture industry. Bacterial diseases caused by primary or opportunistic pathogens are mainly due to farm conditions, among which the chief factor is intensive production. in Italy (Bigarré et al., 2017; Ciulli et al., 2016) . Furthermore, these opportunistic bacteria are usually not pathogenic but can cause disease in certain stress conditions (Colussi et al., 2005; Kayiş, El, Kangel, & Kurtoğlu, 2017; Noga, 2010; Quaglio et al., 2000; Timur, Akayli, Korun, & Yardimci, 2010) .
Pseudomonas spp., particularly P. fluorescens, are common worldwide and found mainly in cold freshwater. Generally, the onset of disease is stress mediated and can have an acute or chronic course.
Infected fish may show large hemorrhagic skin lesions or sometimes
no clinical signs (Noga, 2010) . The infection was reported in A. baerii by Brunetti et al. (2006) and in A. gueldenstaedtii by Kayis et al. (2017) . P. fluorescens isolation coincided with the beginning of spring 2015 in A. gueldenstaedtii and with late autumn 2016 in A. baerii. In both seasons the change in water chemistry and temperature can induce the transition from a commensal to a pathogenic bacteria (Prearo, Giorgi, Arsieni, Brunetti, & Pavoletti, 2008) .
In some specimens of A. gueldenstaedtii, in one individual of A.
baerii and in one of A. naccarii we isolated Plesiomonas shigelloides, which can be found in freshwater and marine ecosystems in tropical and temperate climates (Levin, 2008) . It is not a primary pathogen in fish. Occurrence of disease is often correlated with rising water temperature, especially in summer. Moreover, there is a pronounced increase in prevalence in water containing high levels of organic matter (Cruz, Saraiva, Eiras, Branco, & Sousa, 1986 ). Its isolation in Russian sturgeon every year during our sampling campaign suggests that this bacteria could be a pathogenic agent, especially on farms with poor environmental conditions.
In our study, we isolated many bacteria from different sturgeon species from where they have never been reported before. Y. ruckeri was isolated from Russian and Beluga sturgeon, Plesiomonas shighelloides from Adriatic Russian and Siberian sturgeon, and Aeromonas spp. from Beluga sturgeon. Yersiniosis due to Yersinia ruckeri is a primary infection, especially in salmonids (Gibello et al., 1999) and in a few species of the genus Acipenser spp. (Vuillaume, Brun, Chene, Sochon, & Lesel, 1987 no actions to address primary causes are taken (e.g., overcrowding, stress or poor environmental conditions), treatment is often ineffective and can lead to antibiotic resistance by strains with increased mortality due to previously curable infections (Santos & Ramos, 2018) .
The majority of disease conditions on sturgeon farms could be significantly reduced if proper attention is paid to good husbandry and the maintenance of optimum environmental conditions, especially water quality. Fish live in constant interaction with potential pathogens that can impair growth performance and result in significant economic losses for livestock production. Although the risk of contamination cannot be completely eliminated, it can be substantially limited by taking appropriate biosecurity and prophylactics measures to improve the sanitary aspects of the sturgeon farms (Pruder, 2004) . In conclusion, farm conditions strongly affect the health status of farmed fish. As sturgeon play an increasing important economic role in aquaculture production, it is crucial to monitor the state of health of the fish, the introduction of new pathogens, and the development of antibiotic resistance.
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